Prolonged physical exercise is associated with several immunological changes, e.g. increase in proinflammatory cytokines, changes in the white blood count etc. Great discrepancies exist with regard to the exercise-induced influence on serum immunoglobulin and neopterin values. One explanation could be the shifts in plasma volume (PV) during and after exercise which might influence plasma concentrations of these parameters. Therefore we investigated the consequences of a marathon race in a homogenous group of experienced runners on plasma volume shifts, serum Immunglobulin and neopterin concentrations. Plasma values with and without correction for plasma volume shifts were compared. PV was significantly diminished after the race (-8.4%) followed by a rise 34h after finish (+8.5%). Serum immunoglobulin IgG, IgA and IgM were increased within the first hours postmarathon and normalized in the recovery period. When chages in PV were considered, only IgA rose significantly. Serum neopterin remained unchanged after the marathon independently whether corrected for PV changes or not. We conclude that the increase in immunoglobulins in our study was mainly the consequence of plasma volume changes. Since neopterin was unchanged we have at least in our study no evidence for exercise-induced activation of the cellular immune system.
Introduction
Despite the existence of numerous detailed reports on changes in serum immunoglobulin during acute physical stress like long-distance and marathon running, the results to date are in part unexplainable and display great discrepancies. The controversy is directed at data affected by shifts in plasma volume during the run -already an issue in earlier studies (1,2) -falsification through environmental conditions, incomparable collectives of athletes and faulty blood taking procedures. The present study describes and discusses the changes in immunoglobin IgG, IgA and IgM as well as in neopterin from a homogenous collective of highly trained male marathon runners before and after a marathon race. Neopterin, a substance from the pteridine group, is considered to be a reliable indicator of cellular immunity. An enhanced expression has been demonstrated through in-vitro stimulation of T-lymphocytes and macrophages (3) (4) (5) (6) as well as in malignancies (7) and transplant rejection (8) . On the basis of modern analysis techniques and exact experimentation, serum values were determined and adjusted to the changes in plasma volume measured before and after the run.
Materials and Methods
Fifteen highly trained marathon runners aged 23 to 29 (mean 28) years participated in a test marathon. All had been been involved in regular long-distance running for a number of years (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Their best average marathon performance ranged between 2.4 and 2.8 hr (mean 2.7) and they were currently in training for the official "Berlin Marathon". Their average weekly training distance was 80 to 150 km (mean 110). Tab. 1. shows further characteristics of the athletes. The two test marathons were organized to take place on consecutive weekends in groups of 8 and 7 athletes for distances of 38.4 and 37.0 km respectively. Temperatures were -4°C and -5°C respectively with a relative humidity of 40 to 60%. All subjects were non-smokers and were asked to abstain from physical exercise as well as tea, coffee and alcohol in the 24-hr period prior to the run. On the morning of the test run the athletes ate a breakfast high in carbohydrates but low in fat and protein, consisting of bread, jam, honey, juice and mineral water ad lib. During the run only fruit tea was consumed. The subjects were asked to run at 90% of their best performance. Blood was collected in a lying position by venipuncture with a 19-G butterfly-needle from an uncongested arm vein at the following times:
tl : approximately 30 min before the marathon t2: directly following run completion t3: 3 hr later t4: 34 hr later With the exception of tl, samples were always taken after a 10-min rest period. Serum from centrifuged whole blood was stored at -40°C. Blood hemoglobin was measured with the cyanohemoglobin method and hematocrit by microcentrifugation. The percentage decrease in plasma volume during the run was calculated by the method according to the formula of Strauss (2) = hematocrit (1 . 1') Index A = after the run Index Β = before the run Serum immunoglobulin levels (IgG, IgA, IgM) were determined by radial immunodiffusion (NORPartigen-Platten, Bering AG, Marburg). Serum levels of neopterin were analysed by radioimmunassay (IMMUtest Neopterin, Henning Berlin GmbH). In order to keep random error at a minimum all measurements were conducted in one series. Since changes in plasma volume in the course of the race can account for a misinterpretation of immunoglobin values the serum immoglobin levels were corrected for PV at t2, t3 and t4 according to the following formula (9):
As it is unlikely that the parameters investigated are Gaussian-distributed, the results were expressed as medians rather than arithmetic means and the variability shown by the 50-interpercentile range of p25 -p75 rather than standard deviation. The intraindividual changes in serum values during the experiment were calculated with the Wilcoxon-test for matched pairs. For a quantitative analysis of relations between two parameters from one specimen the rank correlation coefficient R from Sperman was applied. 15 runners completed the test marathon in a mean time of 2.67 h. This amounted to 95% of the runners' mean best times. The maximum oxygen intake VO2 calculated according to Maughan (10) was 64 mL · min"' · kg" 1 body weight, the percentage O2 utilization 71% (for details see Tab. 2). PV was dimin- ished after the race (-8.4%). Individual differences of -17.6 to +0.1% were observed. This decrease was followed by a reactive rise to 8.5% (median) 34 hr after 
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Discussion
The changes in plasma volume described here are relatively high compared to previous publications (11) (12) (13) (14) (15) 9, 16) . These test groups were to some extent very heterogenous with respect to gender and level of training (14, 17, 9) or consisted of very few subjects e.g. Myhre (12) , n=3. Myhre is the only author who mentions the subjects' body position during blood sampling. The present study was conducted with a homogenous collective -all subjects were male, between the ages of 23 and 39, and top runners, as indicated by their V02max levels of 61.5 to 67.9 mL · kg" 1 · min '. All blood samples were taking with subjects lying down in order to rule out orthostatic changes in plasma volume (18) . The results of authors with comparable collectives and methods to ours (11, 13, 15, 16) confirm our measurements of changes in plasma volume. Previous studies had not reported a positive correlation of the plasma volume increase from 3 to 34 hr post marathon with the runners' years of training. Rocker (19) showed that endurance-trained subjects possess in comparison to the untrained a 25% greater plasma volume, which functions as a dehydration reserve during tests of endurance. In conjunction with the hypothesis of Davidson (16) that hemodilution in the recovery phase is based on an activation of the renin-aldosterone system, this could mean that the rise in plasma volume in endurance-trained athletes is an adaptation response of this system together with a protein influx into the intravascular space (19) . This effect is possibly trainingdependent and thus more pronounced in athletes who have been running for a number of years. The changes in serum immunoglobulin and neopterin during the present study contradict in part those found in previous studies. Without taking PV changes into account, Wulf (20) described an increase in the immunoglobulins IgG, IgA, IgM after a marathon and Israel (21) an increase in IgA only. The observations of Wulf (20) concur with those of the present study, however his collective of 40 marathon runners (mean Vö2 max: 51 mL · kg 1 s min ') was not as well trained. An exact subject description is lacking in the Israel study (21).
Poortman's finding (22) of no changes in plasma volume or immunoglobulin following an 100-km mn are not comparable. Long-distance exertion beyond the marathon distance, as in 100-km races, ultra-marathon or 24-hr races, has other physiological dynamics: the fluid intake is larger -according to Stäubli (23) 2.5 to 4.5 L per runner -and the average plasma volume change is +1.1%. Israel (21) found a reduction in the number of the immunoglobulins IgG, IgA and IgM after 2 long-distance runs of 45 km and 75 km. His conclusion that long-distance exertions lead to a catabolism of immunoglobulins is questionable since possible PV changes were not investigated.
The authors Haralmabie (24), Hanson (25) and Weiss (26) studied immunoglobulin levels following different prolonged periods of exertion, as for example 2 hr bicycle ergometer training at 145 watts, a 12.8 km run and a 9 km run. They detected no changes in the immunoglobulins IgG, IgA and IgM, a finding not fully comparable with ours.
As an important serum marker for the activation of the cellular immune system, neopterin was studied more recently by several other investigators (27) (28) (29) (30) (31) (32) . Rokos (27) studied four male subjects aged 31 to 47 before, during and after 100 min of jogging. A 153% increase in neopterin was found after 40 min of jogging and values remained elevated up to to two hours after exercise. However, PV losses were not mentioned. The present results could not confirm Rokos' observations (27) . Jakeman et al. (32) determined the changes in urinary neopterin in 27 elite male rowers undertaking a progressive increase in training prior to Olympic competition, who provided daily urine samples for a 4-week period (17 days of altitude training and 10 days of heat acclimatization). The mean ratio of neopterin/creatinine in urine increased by 1/3 compared to pre-training values. Changes in the ratio of neopterin/creatinine with training were found to be transient and highly variable between subjects, ranging from no change to peak values five-fold greater than baseline. They concluded that elite athletes engaged in high-intensity training prior to competition show either no change or a moderate increase in cellular immune activation. Furthermore, Margaritis et al. (33) studied s male subjects in a long distance triathlon and observed a race-induced inflammatory stress, evidenced by the variations in neopterine concentrations and leukocyte counts compared to pre-race values. Similar results were obtained by Schobersberger et al. (34) . They investigated the effects of comparable exhaustive long-lasting exercise at moderate altitude on the time course of serum immunomodulatory peptides and other hormones. Thirteen well-trained runners who participated in the Swiss Alpine Marathon of Davos (distance 67 km, altitude difference 2300 m) were studied. Interleukin-6 was significantly elevated in the first 2h after the run, similar to the findings of Tilz (31) . Neopterin was increased until day two after the run. They concluded that prolonged strenuous exercise at moderate altitude induced an activation of the immune system which might be related to the serum vascular endothelial growth factor and erythropoietin concentrations. The same group reported similar findings after a more than 8h lasting alpine bicycle race with a vertical displacement of 5000m (OetztalRace; 35). Neopterin was significantly elevated immediately after finish of the race and remained above prerace levels for 48h. However, the absolute changes in serum neopterin -although significant-were small after prolonged strenuous exercise as compared to neopterin concentrations in patients with sepsis or HIV-infection. Smith et al. (29) investigated whether increased concentrations of circulating cytokines might be responsible for exercise-induced priming of blood neutrophils. The plasma concentrations of tumor necrosis factor-α, interleukin-(IL)-lß, IL-6, granulocyte-macrophage colony-stimulating factor, and neopterin in trained and untrained human subjects were measured by immunoassay before and after 1 h of cycling at 60% of maximal oxygen uptake. C-reactive protein and creatine kinase (CK) were also measured before and 24 h after exercise as markers of the "acutephase response" and muscle damage, respectively. Only small changes in the plasma concentrations of cytokines or neopterin were observed after exercise in both trained and untrained subjects and were not significantly different to those found in a control group of untrained subjects. From these results they concluded that circulating cytokines are unlikely to be responsible for the priming of neutrophil microbicidal activity observed after moderate endurance exercise.
Sprenger et al. (30) investigated cytokine production in a group of 22 well-trained runners covering a distance of 20 km within 2 hr. After running, all participants displayed a marked granulocytosis for 7 hr. Plasma neopterin concentrations increased 1 hr after exercise for 24 hr. Except for interleukin-6 (IL-6), cytokines were not detected reliably in plasma but were present in urine. Already before exercise, cytokines were detected in the urine of runners when compared to sedentary controls. Directly after running, interferon-γ and tumor necrosis factor-α were further elevated but declined rapidly to pre-exercise levels. Interleukin-1 β and interleukin-6 increased at a slower rate after exercise but secretion into urine persisted longer until 12 and 7 hr, respectively. Interleukin-2 (IL-2) was not detected but soluble IL-2 receptors appeared in the urine directly after running. Enhanced cytokine levels were only accompanied by a low creatinine kinase increase, indicating little muscle damage. These data showed that long-distance running elevates cytokine production which supports the concept that regular, but not excessive, physical exercise may be beneficial by maintaining a stimulated immune system.
Gmunder et al. (28) studied the effect of a food supplement on the immunological parameters of 16 longdistance runners in a randomized, double-blind and placebo-controlled trial. The supplement comprised plasmolysed herbal yeast, malt, honey, and orange juice. They observ ed no statistically significant differences between the two groups regarding the following variables were detected at three sessions at rest and immediately after a 21 km run: total and differential white blood cell counts, numbers of B-and T-cells and T-subpopulations, concanavalin-A-induced lymphocyte proliferation, serum levels of immunoglobulins, neopterin, IL-2 receptors, ß2-nucroglobulin, complement factor b. c4 and c3c, and cl-inactivator. These findings suggested that the effects of the food supplement on these parameters are negligible with respect to improvements m the immunological status of long-distance runners. The changes observed immediately after the run were transient in character. Nevertheless, in both groups they observed low lymphocyte counts, IgG subclass 2 levels and cl-inactivator levels at rest, which indicated that the immune status of endurance athletes may be affected by training.
hi summary
The increase in immunoglobulins following a marathon is not the result of an activation of the immune system but rather can be put down to changes in plasma volume. On the basis of the present study and other publications to date, no conclusion on the state of the cellular immunity after endurance performance and in endurance-trained athletes can be given. Further investigations would be useful and desirable.
